A new multi function voltage-mode universal biquadratic filter using single Voltage Differencing Differential Input Buffered Amplifier (VD-DIBA), two capacitors and one resistor is proposed. The proposed configuration has four inputs and one output and can realize all the five standard filters from the same circuit configuration. The presented biquad filter offers low active and passive sensitivities. The validity of proposed universal biquadratic filter has been verified by SPICE simulation using 0.35 µm MIETEC technology.
Introduction
Recently, attention has been devoted to the design of multi-input single output (MISO) or single input multioutput (SIMO) current-mode or voltage-mode universal biquadratic filters because of their versatility and flexibility for practical applications as the same circuit topology can be employed for different filter responses. Several voltage-mode/current-mode universal biquadratic filters using different types of single active building block/device have been presented in [1] [2] [3] [4] [5] [6] [7] [8] . In reference [9] number of new active building blocks have been introduced, VD-DIBA is one of them which is emerging as a flexible and versatile active element for analog signal processing. The applications, advantages and usefulness of VD-DIBA have been recognized in [10, 11] . They have been used in the realization of first order all pass filter [10] , and in the realization of grounded and floating inductances as presented in [11] . The various filter configurations proposed in [1] [2] [3] [4] [5] [6] [7] [8] and [10, 11] although employ single active device/element, but use two to four capacitors and two to four resistors. Therefore, the purpose of this paper is to introduce a new voltage-mode universal biquadratic filter using single VD-DIBA, two capacitors and only one resistor. The proposed configuration has four inputs and one output and can realize all the five standard filters (low pass (LPF), high pass (HPF), band pass (BPF), band reject (BRF) and all pass (APF)) by proper selection of input voltages from the same circuit configuration without altering the circuit topology. The active and passive sensitivities of the realized filters are low. The validity of the proposed configuration has been verified by SPICE simulation using 0.35 µm MIETC technology.
The Proposed Biquadratic Filter Configuration
The The VD-DIBA (+) can be described by the following set of equations:
The proposed voltage-mode universal biquadratic filter is shown in Figure 2 .
A routine circuit analysis of Figure 2 yields the following expression for the output voltage in terms of the input voltages 
From Equation (2) The expressions for natural frequency (ω 0 ) and quality factor (Q 0 ) are given by
Non-Ideal Analysis and Sensitivity Performance
denote the parasitic resistance and parasitic capacitance of the Z-terminal. Taking the non-idealities into account, namely where
denote the voltage tracking errors, respectively, then the output voltage in terms of inputs is given by: 
where 
Its active and passive sensitivities can be found as: 
From Equation (8), it is clearly observed that all passive and active sensitivities are no more than one half in magnitudes for the proposed multi-input single-output voltage-mode universal biquad.
Simulation Results
To confirm feasibility of the proposed universal biquad filter of Figure 2 , the circuit was simulated using CMOS VD-DIBA (as shown in Figure 3) . For simulation the passive elements of Figure 2 were selected as C 1 = C 2 = 0.005 nF and R 0 = 102 KΩ. The transconductance of VD-DIBA was controlled through the bias voltage V B1 . The SPICE simulated frequency response of various proposed filters biquad is shown in Figure 4 . Figure 5 shows the phase plot of APF. These SPICE simulated K. L. PUSHKAR ET AL. 46 results, thus, confirm the validity of the proposed biquad filter.
The CMOS VD-DIBA is implemented using 0.35 µm MIETEC real transistor models which are listed in Table  1 . Aspect ratios of transistors used in Figure 3 are given in Table 2 . A comparison with other previously known single active element/device-based MISO-type universal biquads has been shown in Table 3 .
Conclusion
A new second-order voltage-mode MISO-type universal Table 2 . Aspect ratios of transistors used in Figure 3 . 
